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Abstract
We calculate cross sections for neutral current quasi-elastic neutrino-nucleus scat-
tering within a continuum RPA model, based on a Green's function approach. As
residual interaction a Skyrme force is used. The unperturbed single particle wave
functions are generated using either a Woods-Saxon potential or a Hartree-Fock cal-
culation. These calculations have interesting applications. Neutrinos play an im-
portant role in supernova nucleosynthesis. To obtain more information about these
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Abstract. We calculate cross sections for neutral current quasi-elastic neutrino-nucleus
scattering within a continuum RPA model, based on a Green's function approach. As resid-
ual interaction a Skyrme force is used. The unperturbed single particle wave functions
are generated using either a Woods-Saxon potential or a Hartree-Fock calculation. These
calculations have interesting applications. Neutrinos play an important role in supernova
nucleosynthesis. To obtain more information about these processes, cross sections are folded
with a Fermi-Dirac distribution with temperatures of approximately 10
9
K.
1 Quasi-Elastic Neutral Current Neutrino-Nucleus Scattering
In the considered neutral-current reactions, a neutrino is scattered inelastically from












. The transferred energy and momentum are denoted by ! and ~q


















































































































































































































































the weak coupling constant. 
CL
denotes the Coulomb



















constitute the transverse response 
T
. The only dierence
between neutrino and antineutrino cross sections is found in the opposite sign of the
transverse interference part.
2 The Continuum Random Phase Approximation
The transition densities necessary to calculate the cross section (1) are determined
within a continuum RPA formalism. In this approach, correlations between the nu-
cleons in the nucleus are introduced. Whereas in mean eld calculations a nucleon
y
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experiences the presence of the others only through the mean eld they generate, the
random phase approximation additionally allows the particles to interact by means of
a residual interaction. In this way, a nucleon interacting with an external eld is still
able to exchange energy and momentum with other particles in the nucleus. When a
nucleon is excited to a particle unbound state and eventually leaves the nucleus, this
must not necessarily be the one initially hit by the incoming neutrino.
The unperturbed single particle wave functions are generated with a Hartree-Fock
calculation, using a Skyrme residual two-body force. The RPA model goes beyond
this zeroth order mean eld approach and allows to describe a nuclear state as the
coherent superposition of particle-hole and negative energy hole-particle contributions
out of a correlated ground state. The propagation of these particle-hole pairs in the
nuclear medium is described by the polarization propagator. In the random phase
approximation, the polarization propagator is obtained as an iteration to all orders
of the rst order contribution. Thus only a limited class of excitations is retained :
contributions are restricted to those excitations where only one particle-one hole pairs
are present, excluding the coupling to more complicated congurations of the np-nh-























































































































solutions of the mean eld problem.
e
V is the antisymmetrized residual interaction.
The index C stands for all quantum numbers dening a reaction channel unambigu-
ously. From the energy dependence of the denominators, it is clear that the rst term
will dominantly contribute to the total wave function. The backward RPA contri-
bution becomes only important for states with energies clearly distinct from those
expected considering the single particle energy levels, making RPA a well-suited tool
for describing collective excitations in nuclei.
















represent column vectors containing the RPA and the Hartree-
Fock transition densities for all interaction channels and for a number of mesh points
in coordinate space. R and U are block matrices containing the unperturbed response
function and the radial part of the interaction, evaluated at the appropriate channels
and r-values. From the form of equation (3) it is clear that the wave functions (2)
can be considered as the solution to the RPA equivalent of the Lippmann-Schwinger
integral scattering equations.
Treating the RPA-equations in coordinate space has some important advantages.
First, the formalismallows to use the Skyrme force both to generate the single particle
wave functions and as residual interaction, making self-consistent HF-RPA calcula-
tions possible. Furthermore, treating the RPA-equations in coordinate space allows
to deal with the energy continuum in an exact way, without cut-o nor discretization


























(full line) and its dom-






















total cross section includes multipoles up to J=4. Contributions of higher order multipoles
were found to be negligibly small.
3 Results
Figure 1 shows the total cross section and some dominant multipole contributions.
At excitation energies between 20 and 25 MeV, the broad resonance structure of the
giant dipole resonance shows up. At energies below 20 MeV smaller peaks, related to
excitations with a stronger single particle character, are present. For excitation ener-
gies above 30 MeV, the cross section decreases almost purely exponentially, according
to the energy dependence of equation (1). J=1 excitations are clearly prominent.
J=0 excitations are suppressed due to the fact that only Coulomb and longitudinal
terms contribute to these channels. But still, neutrinos are able to excite 0
 
states
in nuclei, while electrons cannot. The axial vector part of the hadronic current is
most sensitive to the weak neutrino probes. The vector contribution is suppressed
by almost two orders of magnitude. Due to the fact that the axial vector current is
completely isovector, isovector excitations will dominate isoscalar ones.
4 Neutrinonucleosynthesis
When, at the end of the lifetime of a massive star, its thermonuclear fuel is exhausted,
the star core contracts. The neutronization processes taking place in the imploding
star core produce large amounts of neutrinos. The densities are very high such that,
despite their small interaction cross sections, the neutrinos are trapped and forced to
join the infalling material of the collapsing starcore. After core bounce, the trapped
neutrinos are released and the cooling of the new neutronstar by the production and
subsequent emission of neutrino pairs starts. This causes a ux of 10
58
neutrinos,
representing an energy of 10
53
erg, approximately 99% of the total gravitational
energy released. Although the neutrinos are only interacting weakly, this enormous
amount of particles and energy travelling through the dierent layers of the star is
able to cause a considerable transformation of the elements synthesized during the
preceding thermonuclear burning processes [4, 5].



























, averaged over neutrinos
and antineutrinos. T=12 MeV (full line), T=10 MeV (dashed), T=8 MeV (shortdashed),
T=6 MeV (dashed-dotted) and T=4 MeV (shortdashed-dotted). The unperturbed wave
functions were generated using a Woods-Saxon potential [3].
spectrum. For electron neutrinos the temperature of the distribution is approximately
4 MeV. For - and  -neutrinos, not participating in charged current reactions and
escaping from regions closer to the star centre, typical temperatures are 8-10 MeV.
As the cross sections are roughly proportional to the square of the incoming neu-
trino energy, the higher temperature - and  -neutrinos and neutral current reactions
will dominate nucleosynthesis processes. Figure 2 shows the results for the calcula-
tions where the cross sections for
12
C have been folded with a Fermi-Dirac spectrum.
Table 1 summarizes the total cross sections for the Hartree-Fock and the CRPA cal-
culation. The results corroborate those obtained in references [4] and [6].




















, averaged over neutrinos and antineutrinos.
T (MeV) 4 6 8 10 12










CRPA 0.0056 0.070 0.32 1.0 2.2










CRPA 0.0016 0.026 0.14 0.45 1.1
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